An underwater video system is under investigation by the National Marine Fisheries Service for use in studying the capture efficiency of a survey bottom trawl's footrope in diverse habitats commonly sampled during surveys. This system utilizes a 50-watt quartz halogen light since most survey stations are at depths greater than natural light can penetrate for low-light camera use. One potential shortcoming to this approach is that the light emitted might alter fish behaviour and thereby bias estimates of escapement. The light effect on escapement was examined by attaching the video system onto a trawl fitted with an auxiliary capture bag to retain those fish which would have otherwise escaped beneath. A paired towing experiment (unlit vs. lit) was conducted to test the hypothesis that there is no effect on capture proportion due to the addition of artificial light. ANOVA was used to test for the effect both fish length and water depth had on escapement. Since neither length nor depth were significant, a paired t test ( =0.05) was used to test the null hypothesis. For five of the six species examined, we found no effect of the light on fish escapement. Only flathead sole (Hippoglossoides elassodon) showed a statistically significant difference in capture proportion due to artificial light, the proportion decreasing by 0.0698.
Introduction
Submersible video cameras are often used to observe fish behaviour associated with towed fishing gear. In situations with low ambient light levels, artificial light must be supplied to illuminate the field of view. The additional light could potentially alter the behaviour of the fish being observed because vision is a principle sense influencing a fish's response in the capture process of towed fishing gears (Main and Sangster, 1981; Wardle, 1983 Wardle, , 1986 Wardle, , 1987 . Protasov (1970) noted that a fish eye adapts quickly to changes in light intensity. Glass and Wardle (1989) reported that for a North Atlantic gadid, response to the trawl was largely based on visual stimuli and in the absence of light (night-time), fish reacted differently. Walsh and Hickey (1993) detected no effect of low-level illumination on fish behaviour at the footrope but based this finding on only one tow. The potential for altered fish behaviour is especially important for pilot studies being conducted by the National Marine Fisheries Service, Alaska Fisheries Science Center (AFSC) in which escapement under the footrope of a bottom trawl is estimated by counting captured and escaping fish from video observations taken with artificial illumination. These studies are being conducted to develop a procedure to estimate trawl efficiency for use in areas that are too rough to allow the use of an auxiliary bag to capture fish escaping under the footrope (see Engås and Godø, 1989; Godø and Walsh, 1992 for trawl efficiency estimation based on the auxiliary capture bag technique). Here we describe an experiment that utilizes the methodology of the auxiliary bag experiments to estimate footrope escapement, but conducted in a way to test the hypothesis that the light used in the video observations does not influence the proportion of fish escaping under the footrope.
Material and methods

Sampling area and protocol
The study was conducted at two depth sites in the Bering Sea during summer 1997. The two sites allowed us to test if depth, and therefore the level of ambient light in conjunction with artificial light, affect fish capture proportions. The deepwater site (58 40 N, 176 50 W) was located at an average depth of 140 m. A shallow-water site (56 18 N, 161 40 W) was located at an average depth of 58 m. Bottom temperatures at the deep and shallow sites averaged 3.5 and 5.2 C, respectively, temperatures well within the usual range associated with our study areas and time periods and only slightly below the warmest temperatures typically reported during the period of autumn upwelling. Both sampling locations were ideal for conducting an experiment of this nature since they are inhabited by several species commonly found throughout our surveys and they are characterized by great expanses of smooth bottom, a prerequisite for using the auxiliary bag under the trawl.
Trawling operations were carried out by the 40.0 m long chartered commercial trawler ''Aldebaran''. All tows were made with the video camera system, in place. Tows were made in pairs, one without and one with artificial light supplied, the order of treatment selected randomly. Our trawling procedures followed strict protocols to conform to the procedures used on stock assessment surveys and to reduce sampling variability. Controls included: daytime towing in order to eliminate effects due to diurnal distribution (Engås and Soldal, 1992) ; consistent gear setting and retrieval procedures; and the maintenance of an average 1.5 m s 1 towing speed (3 knots). Tows of each pair were made parallel to one another and in the same direction, separated by roughly 0.2 km. Tow duration, defined as when our electronics determined the trawl was on bottom to when the winches were engaged to retrieve the trawl, was the same for each member of a pair. At the deep site, tows lasted 15 min. At the shallow site, tow duration was shortened to between 5 and 10 min due to cumbersome catches of our target species and some invertebrates. A total of 22 paired tows were completed (14 deep and 8 shallow). Catches from the main trawl and the auxiliary bag were kept separate, sorted, counted, and the fork lengths of species of interest measured to the nearest cm.
Sampling gear
Sampling was conducted with the standard trawl used in AFSC triennial groundfish assessment surveys of the Gulf of Alaska, Aleutian Islands, and the west coast of Washington, Oregon, and California. The net is a highrise, 4 seam Nor'eastern trawl constructed of orange polyethylene web, equipped with 36 cm rubber bobbin roller gear, and fished with 1.83 2.74 m steel V-doors. A more detailed description of the gear is given by Martin and Clausen (1995) . During fishing, the top of the trawl forms a hood over the centre of the footrope which is setback approximately 4.5 m from the centre of the headrope. This design effectively eliminates fish positioned back in the mouth of the trawl from going over the top thus leaving the footrope as the most likely route for fish to escape through. An auxiliary bag, fashioned after the sampling gear of Engås and Godø (1989) and Walsh (1991) , was customized and fitted beneath our survey trawl to capture fish escaping under the footrope (Munro et al., 1997) . The bag's headrope was attached to the main trawl's footrope to eliminate escapement between the trawl and auxiliary bag. The bag's footgear was constructed of chain strung with 12.7 cm rubber disks that attached to the forward ends of the primary trawl's roller gear. The trawl's geometry with bag attached was measured using Scanmar acoustic instrumentation to confirm likeness in fishing dimensions between tows. Horizontal (wingtip to wingtip) and vertical openings averaged 14.1 and 8.0 m, respectively.
Video system
The video camera system consisting of an underwater video camera, mounting frame, and accompanying battery pack buoyed by trawl floats, supplied artificial light to the footrope using a 50-watt quartz halogen lamp. The system was positioned the same as it is during the AFSC escapement experiments by tethering it to a tow line that attached to the port middle wingtip and the main trawl's footrope 3 m starboard of centre ( Figure  1 ). Both the video camera and light were positioned so that the footrope on the port side of the centre line was in the field of view. We estimate the video camera to have been 2-3 m above bottom and 2-3 m in front of the footrope.
Light intensity was measured at the footrope with a Wildlife Computers microprocessor-controlled timedepth recorder, MK6, fitted with a photon light sensor. Readings from the MK6 were calibrated using an International Light IL1700 meter. For unlit tows, we measured the available ambient light reaching the footrope. For lit tows, we measured the ambient light in addition to the lamp's illumination. At each site and for each light treatment, we averaged the maximum observed light readings thereby reducing the affect of variable sediment flow over our light sensor. In this manner we observed ambient light levels that approximated 5.0 10 6 and 4.0 10 5 mol photons m 2 s 1 for the deep and shallow sites, respectively. These levels are considered below the threshold of a fish's vision to effectively respond to a trawl (Glass and Wardle, 1989; Walsh and Hickey, 1993; Olla et al., 1997) . Conversely, light levels were raised above the threshold when the lamp was on.The artificial light cast a bright circle of light approximately 2.5 m in diameter, effectively encompassing 41% of the 6.1 m long bosom where most of the escape process occurs. Light intensities within this beam approximated 2.5 10 3 and 6.5 10 4 mol photons m 2 s 1 for the deep and shallow sites, respectively. It was from within this bright circle of light that fish counts can be made during escapement experiments. Beyond the main beam the level of light dissipated rapidly, although limited by our field of view we could still discern an additional 1.0 m of footrope outside of the main beam of light. A total of 3.5 m or 57% of the bosom was observed to be the minimum area affected by artificial light.
Analysis
The outcome of a tow was expressed as the capture proportion, P, calculated as the number of fish captured in the trawl divided by the number captured in the trawl and auxiliary bag combined (Dickson, 1993) . For each species and tow, capture proportion was calculated separately for each of two fish length groups. The small group included fish shorter than the median length for that species pooled over all tows; the large group included individuals equal to and larger than the median. The outcome of each pair of tows was expressed as the difference in capture proportion between the unlit and lit tows, D. Values of D for a species were excluded when the catch from either the unlit or lit tow contained less than 10 individuals, because low sample size results in large binomial variance. Analysis of variance (ANOVA; Zar, 1984) was used to test whether fish length or water depth (as a proxy for ambient light) had an effect on D. In cases in which there were observations in both length categories and both depth categories, a two-way ANOVA was performed with length and depth as factors. In cases in which there were no observations in one or both length groups in one of the depth categories, the data for that depth category was discarded and a one-way ANOVA was performed on the data for the remaining depth category considering length alone as a factor.
When a length effect was not significant (i.e. p>0.05) values of D were recalculated ignoring the length categories. Likewise, when a depth effect was not significant values of D were recalculated ignoring the depth categories. The hypothesis of no light effect on capture proportion (i.e. D=0) was tested with a t test (Zar, 1984) with a two-tailed alternative hypothesis.
The power of the t tests was calculated using the methods described in Zar (1984, p. 110) to determine the probability of rejecting the null hypothesis at various levels of an assumed true difference in capture probability between unlit and lit tows. For each species, power was calculated for differences in capture probability ranging from 0.0 to 0.5 at 0.01 intervals. Estimates of variance of D were the same as those used in the t test.
Results
Abundance levels varied between species and tows. Walleye pollock (Theragra chalcogramma) was in low abundance at both sites as was arrowtooth flounder (Atheresthes stomias) at the shallow site. Yellowfin sole (Pleuronectes asper) was absent at the deep site (Table  1) . Capture proportions were generally lower in shallow site tows vs. deep site tows but were not consistently different between unlit and lit tows.
Length data were generally obtained from a broad segment of each species' post-juvenile size range. The exception to this was walleye pollock where 1+ aged fish (20-27 cm) were unavailable to our bottom trawl during this primarily pelagic stage in their life history. Both the unlit and the lit size composition curves for the combined catch from both codends and both depth sites are similarly shaped, with no evidence of shifts due to light effect on fish size (Figure 2 ). The differences seen in the overall number of fish encountered between light treatments are considered an artifact of sampling variability. Computed median lengths used to divide the overall catch into two size categories for the ANOVA analysis are also provided in Figure 2 .
The lack of consistency in the effect of light on capture proportions is shown by the differences in capture probability, calculated by species, depth, and fish length group, which were not consistently positive or negative (Table 2) as would be true if the light influenced capture proportion in all cases. Of the 18 values of D in Table 2 , 7 are negative. If there was no effect of light on capture proportion, then negative and positive values would be equally likely, that is, the probability of a negative value would be 0.50. Since a binomial test of a probability of 0.50 was not significant (p=0.48), there is no evidence of a consistent effect of the light on capture probability.
Further evidence pointing to the lack of consistency in the effect our light had on capture proportions is Figure 3 . The diagonal line in each chart represents our hypothesis, D=0, and each point represents the capture proportions of a pair. If the tows in each pair had identical capture proportions, then the data points would fall on the line. A point plotted above the line shows a light effect favouring lit tows. Conversely, points occurring below the diagonal line favour unlit tows. A consistent light effect would be shown if all or most of the points fell on one side of the diagonal line. The lower capture proportions for arrowtooth flounder, rock sole (Lepidopsetta bilineata), and Pacific cod (Gadus macrocephalus) reported in Table 1 for the shallow site vs. the deep are readily apparent in Figure 3 . While it is worthy to note that our data suggest differences in capture efficiency occurring with depth, no consistency is apparent regarding our hypothesis (i.e. the artificial light used effects escapement) at either depth. For all species, neither length nor depth had a significant effect on the unlit-lit difference in capture probability (Table 3) . Flathead sole (Hippoglossoides elassodon) and Pacific cod were the only species with a sufficient number of differences in all cells to permit two-way ANOVA considering only length as a factor. Based on the ANOVA results, length and sampling depth were ignored in all species and the hypothesis of no light effect on capture probability was tested using t tests (Table 4) . Only flathead sole showed a statistically significant difference in capture proportion due to artificial light with a decrease of 0.0698.
Discussion
Our findings indicated that the light we used in our experiments has only a weak effect on escapement beneath a footrope. The ANOVA failed to detect any effect on the mean paired difference between unlit and lit capture probabilities due to either fish length or depth. Also, the t test failed to reject the null hypothesis of no difference in capture proportion in five out of six species. One possible explanation for the apparent lack of effect is that small sample sizes led to low power of the tests.
To examine the effect of sample size, we constructed power curves (Figure 4 ) based on observed variances and sample sizes (Table 4) , and assuming =0.05. Since, all six species had a probability of rejection well above 0.9, most close to 1.0, for a true difference of 0.2, any effect of the light must be small. Size-specific capture processes also appeared unaffected by the lamp. It is reasonable to assume that footrope capture proportions are a function of fish size (Engås and Godø, 1989; Walsh, 1992) . It is also reasonable to assume that effects of light might include a shift in size-dependent capture curves. However, any shift in selectivity curves would also appear as a shift in the mean paired rate difference away from zero. The only shift in selectivity curves that would not appear as an overall rate difference is when reduced captures in some part of the length range are perfectly balanced by increased captures in another part of the length range. For example, if small fish were caught at a higher rate and large fish were caught at a lower rate such that there was no net change in numbers captured and number escaped, then the paired rate difference would erroneously appear unchanged. However, we can imagine no capture process that would be affected in this manner by light.
The paired sample design of our experiment takes into account the affects of most external environmental factors, since both members of a pair experience the same conditions. However, one possible reason for why the light had little effect on capture probability was that the water temperature during the experiments was cold (i.e. 3.5-5.2 C), perhaps sufficiently cold to substantially slow the reaction speed of the fish (Wardle, 1985) . Although the presence of light may have allowed fish to detect the trawl earlier, if the fish's reaction was sufficiently slow the probability of escaping the trawl may not have been altered. If this is true our results may not be applicable in warmer water. However, they are representative of the conditions under which we often use the camera system to estimate escapement.
Although the experiment demonstrates that the light we use in our escapement experiments has no significant effect on fish escapement along the entire footrope for five of six species examined, its results do not allow a clear interpretation for just the region of the footrope illuminated by the artificial light. It could be that the light may have strong effects on the capture proportion in the illuminated portion of the footrope but that those effects might be less apparent if much of the escapement occurred in the unlit regions of the footrope. We assume, however, that the catch proportion of the trawl reflects the catch proportion in the illuminated region because the illuminated region of the footrope was relatively large and strategically important. The centre section or harvest area of a trawl's footrope is known to be the region in which the majority of the catch passes over or under the fishing line (Walsh, 1992; Main and Sangster, 1981) . In the present study we observed that at least 57% of the centre section was illuminated above the threshold of fish vision and because the addition of our light produced no detectable effect for five of the six species examined and a small effect for the sixth species, we conclude that the light supplied by our video system produces a negligible effect on fish escapement and are thus encouraged to continue exploring the use of video for trawl efficiency work. . Power curves for the paired t-test used to test the null hypothesis of no difference between unlit and lit capture proportions in arrowtooth flounder, flathead sole, rock sole, yellowfin sole, Pacific cod, and walleye pollock. Power was calculated as the probability of rejecting Ho: unlit lit =0, given a specific true difference. Calculations were based on observed variances and sample sizes and a confidence level of 95% ( =0.05). Note: that curves for arrowtooth flounder and Pacific cod are so similar that they appear indistinguishable.
